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ABSTRACT
The safety level in the aviation system is extremely high and accidents
are so rare that most crashes reach the headlines. Air travel is
expanding  cconsistently and this expansion of the number of flights will
necessitate a major improvement in safety levels in order to assure that
aircraft accidents will remain rare events. New technologies like digital
data links and advanced software assistance to the human operators are
investigated to accommodate the growth in travel and at the same time
improve safety to the required levels. The occurrence and Prevention of
human errors is therefore a main and high priority issue in the design
and validation of new technology applications.
This lessons learnt with so-called 'automation' in aviation will be
reviewed briefly as well a s the challenges that lay ahead for the
industry. Studies and experiments with applications of new technology for
data linking. Air traffic management and flight deck automation, will be
discussed. The emphasis is on the quality of the human interactions with
such future technologies as observed and measured during realistic
simulations of possible operational applications. Human operator
behaviour can be studied and documented by means of more advanced
measurement equipment that enables objective performance and workload
measurements when working with these systems. The role and importance of
contrasting subjective and objective measurement techniques for decision
making on the 'way forward' with the design and validation process will
be illustrated and discussed. Finally, some fallacies as well as
implications for future work will be highlighted.
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Fig. 1  Summary of benefits and problems with modern advanced aircraft
7KH#PRVW# GLVWXUELQJ# SUREOHP# LV# WKH# RFFXUUHQFH# RI# DFFLGHQWV#ZLWK# DLUFUDIW# WKDW# KDG# QR#PDMRU
PDOIXQFWLRQ#DQG#WKDW#VWLOO#ZHUH#LQ#IO\DEOH#FRQGLWLRQ1#&RQIXVLRQ#RI#SHUFHLYHG#VWDWH#RI#WKH#DLUFUDIW
DQG# DFWXDO# VWDWH# DSSDUHQWO\# GR# QRW#PDWFK# FRQVLVWHQWO\/# LQGLFDWLQJ# WKH# QRZDGD\V#ZHOO# NQRZQ/
SUREOHPV#ZLWK#SLORW0DLUFUDIW#LQWHUDFWLRQ1
515 3LORW0#DLUFUDIW#LQWHUDFWLRQV
,W# LV#ZLGHO\# UHSRUWHG# WKDW# WKH#GRPLQDQW# IDFWRU# LQ#SUHVHQW#GD\#DLUFUDIW#DFFLGHQWV# LV#FRQVLVWHQWO\
UHODWHG#WR#VRPH#*KXPDQ#IDFWRU*#LQ#HLWKHU#WKH#GHVLJQ#RU#WKH#RSHUDWLRQ#DQG#PDLQWHQDQFH#RI#DLUFUDIW*V
DQG# WKHLU# UHODWHG#V\VWHPV1#)OLJKW#FUHZV#KDYH# WR#RSHUDWH# UDWKHU#FRPSOH[#DXWRPDWHG#HTXLSPHQW/
RIWHQ# XQGHU# WLPH# SUHVVXUH# DV# LQLWLDWHG# E\# UH0URXWLQJ# WKURXJK# $7&# HWF1#:RUNLQJ# ZLWK# WKLV
0:0
73#<:364
DXWRPDWLRQ#LPSOLHV#WKH#PDQDJHPHQW#RI#PDQ\#SRVVLEOH#µPRGHV#RI#RSHUDWLRQ¶1#7KH#PDLQ#SUREOHPV
ZLWK#VXFK#PRGHV#DUH#VXPPDULVHG#LQ#ILJXUH#51#LQFOXGLQJ#WKH#PDLQ#DYLRQLFV#DQG#GLVSOD\V#LQYROYHG1
Autoflight monitoring: 'What is it
doing?'
Mode Control panel Flight Management system
       Flight Mode annunciation
Observations:
–pilots select wrong modes by mistake
–uncommanded mode changes do occur
–change is not consistently noticed by crew
⇒ awareness crew ≠ aircraft intent
Fig. 2  Summary of main problems when managing multiple modes in aircraft systems
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Fig. 3  Illustration of a Controlled Flight Into Terrain (CFIT) accident by unexpectently
selecting a wrong mode during approach
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LV#WKH#GLJLWDO#GDWD#OLQN1#7KLV#OLQN#ZLOO#SURYLGH#DLUFUDIW#EHWWHU#DFFHVV#WR# LQIRUPDWLRQ#DYDLODEOH# LQ
JURXQG#FRPSXWHUV#DQG#$7&#FDQ#UHFHLYH#EHWWHU#GDWD#RQ#DLUFUDIW#SRVLWLRQV#DQG# LQWHQWV1#$OVR# WKH
FRQJHVWHG#UDGLR#IUHTXHQFLHV#FDQ#EH#IUHHG#IURP#URXWLQH#FRPPXQLFDWLRQV1
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ZD\# RI# WKLQNLQJ# OHDG# WR# WKH# VR0FDOOHG# 7'# FRQFHSW#ZKHUH# WKH# DLUFUDIW# VKRXOG# EH# DW# D# FHUWDLQ
ORFDWLRQ#ZLWKLQ#D#QDUURZ#VSHFLILHG#WLPH#ZLQGRZ/#VR#DQRWKHU#DLUFUDIW#FDQ#EH#DOORZHG#WR#SDVV#ULJKW
EHKLQG1
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RSHUDWH1
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71 :RUNLQJ#ZLWK#QHZ#WHFKQRORJLHV
714 &RFNSLW#GDWDOLQN
7KH# DGYHQW# RI# GDWD# OLQN# FDSDELOLWLHV# UHVXOWHG# LQ# WKH# LVVXH# RI# ZKDW# NLQG# RI# KXPDQ0PDFKLQH
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QRUPDO# OLQH0FUHZV# +9DQ#*HQW#HW#DO14<<7,1# ,Q# WKHVH# VWXGLHV/# WKH# IROORZLQJ#PHDVXUHPHQWV#ZHUH
LQFOXGHG=#+HDG# WUDFNLQJ# IRU#ERWK#FUHZ#PHPEHUV/# #KHDUW# UDWH#DQG# UHVSLUDWLRQ/#FRPPXQLFDWLRQV
DQDO\VLV#ZLWK# WKH# JURXQG# DQG# ZLWKLQ# FUHZ/# ORJJLQJ# RI# V\VWHPV# LQSXWV# DQG# RXWSXWV# HWF1# DQG
VXEMHFWLYH# DVVHVVPHQWV# RI# XVDELOLW\# DQG# DFFHSWDELOLW\# SHU# IOLJKW# SKDVH# +IRU# D# UHYLHZ# RI# WKH
PHWKRGRORJLHV#LQYROYHG#VHH#-RUQD#4<<:,1
7KH# SULQFLSOHV# RI# FUHZ# UHVRXUFH# PDQDJHPHQW# GLFWDWH# WKDW# WKH# 3LORW# 1RQ# )O\LQJ# +31),# LV
KDQGOLQJ#WKH#FRPPXQLFDWLRQV/#LQ#RUGHU#WR#DOORZ#WKH#3LORW#)O\LQJ#+3),#WR#FRQFHQWUDWH#RQ#SULPDU\
IOLJKW# LQVWUXPHQWV# DQG# WKH# RXWVLGH# ZRUOG1# 7UDQVODWHG# LQWR# H[SHFWHG# KHDG# WUDFNLQJ# GDWD/# WKLV
PHDQV# WKDW# WKH# 3)# VKRXOG# EH# KHDG0XS#PRVW/# LI# QRW# DOO# RI# WKH# WLPH1# 7KH# IROORZLQJ# GDWD#ZDV
KRZHYHU#REWDLQHG#DV#LOOXVWUDWHG#LQ#ILJXUH#71
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Fig. 4 Head-up percentage of time just prior to a downlink and after the occurrence of an uplink
that has to be handled by the Pilot Non Flying (PNF) as opposed to the Pilot Flying (PF)
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WKH#3)#ZHUH#UH0YLVLWHG#WR#DPHOLRUDWH#WKLV#W\SH#RI#EHKDYLRXU/#HVSHFLDOO\#GXULQJ#WKH#PRUH#FULWLFDO
IOLJKW#SKDVHV#+9DQ#*HQW#4<<9,1
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FRPELQHG# ZLWK# KHDG# WUDFNLQJ# GDWD/# UHYHDOHG# D# SKHQRPHQRQ# WKDW# FRXOG# EH# GHVFULEHG# DV
µLQWHUUXSWLRQV¶# LQ# WDVN# H[HFXWLRQ# RU# EUHDFKHV# LQ# SURFHGXUHV# IRU# KDQGOLQJ# FHUWDLQ# WDVNV1# 7KH
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VORZHVW# WDVN# FRPSOHWLRQ# WLPHV# GXH# WR# ORFDWLRQ# DQG# WRXFK# FRQWURO# FKDUDFWHULVWLFV1# 7KLV# RQO\
SURYHG# WR#EH#SDUWLDOO\# WUXH1#:KDW#ZDV#REVHUYHG# LV# WKDW# WKH# XVHU# KDV# D# WHQGHQF\# WR/#ZKDWHYHU
KDSSHQV/#ILQLVK#WKH#MRE1#7KH#UHDVRQ#ZDV#WKDW#LQ#FDVH#RI#D#QRQ0VXSSRUWLYH#LQWHUIDFH/#WKH#XVHU#ZLOO
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EHIRUHKDQG/#SURYH#WR#PDNH#VHQVH#IURP#D#FRJQLWLYH#VWDQGSRLQW1
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Fig. 5 Number of interruptions pilots allowed during work or ‘breaches’ of anticipated
procedures
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Fig. 6 Examples of datalink user interfaces that allow direct selections and transmissions of
solutions of problems and instructions to the aircraft
6LPLODUO\/#WKH#IHHGEDFN#RI#DFWXDO#VWDWXV#RI#WKH#QHJRWLDWLRQV#ZLWK#WKH#DLUFUDIW#QHHG#WR#EH#SURYLGHG
DV#GDWDOLQNV#KDYH# D# WLPH#GHOD\# LQ# WUDQVPLWWLQJ# WKH#GDWD/# GHSHQGLQJ# RQ# WKH# SDUWLFXODU#PHGLXP
XVHG#L1H1#UDGLR#IUHTXHQFLHV/#UDGDU#VLJQDOV#HWF1
7KH#IHHGEDFN#FDQ#EH#SURYLGHG#WKURXJK#GLIIHUHQW#PHDQV1#,QWHJUDWHG#ZLWK#WKH#UDGDU#SORW#GDWD#EORFN
RU#DV#DQ#VHSDUDWH#FRPPXQLFDWLRQV#ZLQGRZ1#([DPSOHV#DUH#VKRZQ#LQ#ILJXUH#:1
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Feedback of datalink status
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Fig. 7 Examples of means for providing feedback on the datalink status for communicating and
receiving confirmations from many different aircraft
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7KH#FRQGLWLRQV#$/#%/#DQG#&#ZHUH#LQWHQGHG#WR#UHSUHVHQW#DQ#LQFUHDVLQJ#OHYHO#RI#LQWHJUDWLRQ#RI#WDVN
HOHPHQWV# DQG# IHHGEDFN# RQWR# WKH# VFUHHQ# RI# WKH#$LU# WUDIILF# FRQWUROOHU1#7KH# KLJKHU# WKH# OHYHO# RI
LQWHJUDWLRQ/# WKH# ORZHU# WKH# QXPEHU# RI# RQ0VFUHHQ# VHDUFK# DFWLRQV# DQG# UHTXLUHG# VXEVHTXHQW
LQWHJUDWLRQ#RI# GDWD# DQG# LQIRUPDWLRQ1#$OVR/# WKHVH# RSWLRQV# KDYH# GLIIHUHQW# GLVDGYDQWDJHV1#$V# DQ
H[DPSOH#WKH#GDWD#OLQN#VWDWXV#ZLQGRZ#ZLOO#FKDQJH#LQ#FRQWHQW#+LU0,#UHJXODUO\/#WKHUHE\#DWWUDFWLQJ#WKH
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7KH#H[SHULPHQW#XVHG#WKH#IROORZLQJ#PHDVXUHPHQW#WHFKQLTXHV=#(\H#SRLQW#RI#JD]H#PHDVXUHPHQWV/
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+HDUW# UDWH# YDULDELOLW\# QRUPDOO\# GHFUHDVHV# ZKHQ# ZRUNLQJ# XQGHU# ZRUNLQJ# FRQGLWLRQV# WKDW# DUH
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REWDLQHG#LQ#WKLV#H[SHULPHQW#SURYHG#YHU\#SURPLVLQJ#DV#LQGLFDWHG#LQ#ILJXUH#;1
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Fig. 8 Heart rate variability increase as a function of controller data link interface and traffic
density (Low or High)
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Objective measures: Pupil size
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Fig. 9  Pupil size as a function of controller data link interface and traffic density (Low or High)
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$Q#H[DPSOH#RI#WKH#VXEMHFWLYH#UDWLQJV#SURYLGHG#E\#WKH#FRQWUROOHUV#LV#VXPPDUL]HG#LQ#ILJXUH#431
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Fig. 10  Ratings provided after the experimental sessions as a function of controller data link
interface and traffic density (Low or High)
7KH# VXEMHFWLYH# UDWLQJV# GLVSOD\HG# D#PDUNHG# VHQVLWLYLW\# WR# WKH# DPRXQW# RI# WUDIILF# SUHVHQW/# EXW
UHYHDOHG#D#TXLWH#OHVV#VSHFWDFXODU#GLIIHUHQFH#EHWZHHQ#XVHU#LQWHUIDFHV1#6R/#LQ#WKLV#H[SHULPHQW#WKH
REMHFWLYH# UHVXOWV# DOO# SRLQWHG# WR# WKH# SRVVLELOLWLHV# RI# GHVLJQLQJ# HIIHFWLYH# FRQWUROOHU# GDWDOLQN
LQWHUIDFHV/#EXW#WKH#VXEMHFWLYH#GDWD#GLG#QRW#UHIOHFW#WKLV#WR#WKH#VDPH#H[WHQW1
716 7RROV#IRU#WKH#DLU#WUDIILF#FRQWUROOHU
7KH#PHQWDO# SURFHVVLQJ# FDSDELOLWLHV# RI# WKH# DLU# WUDIILF# FRQWUROOHU# DUH# JHQHUDOO\# FRQVLGHUHG# WR
UHSUHVHQW# WKH# PDMRU# ERWWOHQHFN# LQ# H[SDQGLQJ# WKH# DPRXQW# RI# DLU# WUDIILF1# 2QH# UHDVRQ# LV# WKH
FRPPXQLFDWLRQ#SURFHVV# WKDW# LV#RI# D# VHULDO#QDWXUH# DQG#KDV# WR# DGGUHVV# HDFK#SODQH# LQGLYLGXDOO\1
$OVR/# WKH# FRQWUROOHU#KDV# WR# EXLOG# DQ# RYHUYLHZ# RYHU# WKH# WUDIILF# VWUHDPV# LQ# RUGHU# WR# EH# DEOH# WR
SUHGLFW#DQG#DQWLFLSDWH#SRVVLEOH#VHSDUDWLRQ#LVVXHV1#,Q#FDVH#RI#D#SRVVLEOH#RYHUORDG/#WKH#WUDGLWLRQDO
SURFHGXUH# LV# WR# VXEGLYLGH#PRUH# VHFWRUV# VR#PRUH# FRQWUROOHU# WHDPV# FDQ# VKDUH# WKH# ZRUN1# 7KH
GLVDGYDQWDJH# LV# RI# FRXUVH# WKDW# WKH# FRPPXQLFDWLRQ# UHTXLUHPHQWV# DOVR# LQFUHDVH# GUDPDWLFDOO\/
WKHUHE\#OLPLWLQJ#WKH#RYHUDOO#HIIHFWLYHQHVV1
$OWHUQDWLYHO\/# WKH#XVH#RI#GDWDOLQNLQJ#DOORZ# WKH#FRQWUROOHU# WR# LVVXH#PHVVDJHV#PRUH#TXLFNO\#DQG
ERWK# LQGLYLGXDO# DLUFUDIW# DQG#JURXSV#RI# DLUFUDIW# FDQ#EH# DGGUHVVHG# LI# UHOHYDQW1#$OVR/# FOHDUDQFHV
ZLWK#PXOWLSOH# SDUDPHWHUV# RU# FRPSOHWH# URXWH# LQVWUXFWLRQV# FDQ# EH# LVVXHG1# 6RIWZDUH# WRROV# FDQ
SURYLGH# DVVLVWDQFH# LQ# FRQIOLFW# GHWHFWLRQ# DQG# UHVROXWLRQ# RI# DLUFUDIW# URXWH# RU# DOWLWXGH
LQIULQJHPHQWV1# 7KH# HIIHFWLYHQHVV# RI# VXFK# SRVVLEOH# DVVLVWDQFH# ZDV# LQYHVWLJDWHG# E\#PHDQV# RI
VLPXODWLRQV#DQG#H[WHQVLYH#REMHFWLYH#DQG#VXEMHFWLYH#PHDVXUHPHQWV#++LOEXUQ#HW#DO1#<8/#+LOEXUQ#HW
DO1#<9,1
7KH# UHVXOWV#RI#D#FRPSDULVRQ#RI#D#VWHSZLVH# LQFUHDVH# LQ# WKH# OHYHO#RI#DVVLVWDQFH#SURYLGHG#ZLWK#D
µPDQXDO¶#EDVHOLQH#DUH#GHSLFWHG#LQ#ILJXUH#44#IRU#SXSLO#VL]H#PHDVXUHPHQWV1
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Fig. 11 Pupil decrease as a function of higher levels of automation assistance
7KH# GDWD# REWDLQHG# LQ# WKLV# VWXG\# VHHP# YHU\# SURPLVLQJ# IRU# H[WHQGHG# DSSOLFDWLRQV# RI# WKHVH
PHDVXUHV1#$OVR/# WKH# UHVXOWV# IRU#+HDUW# UDWH# YDULDELOLW\# UHYHDOHG# DQ# DOPRVW# LGHQWLFDO# WUHQG#ZLWK
KHDUW# UDWH# YDULDELOLW\# LQFUHDVLQJ# V\VWHPDWLFDOO\# ZKHQ# PRUH# DVVLVWDQFH# LV# SURYLGHG# WR# WKH
FRQWUROOHU1
$Q# DGGLWLRQDO# WHFKQLTXH# DSSOLHG#ZDV# WKH# SULQFLSOH# RI# µGXDO# WDVNLQJ¶# EXW#ZLWK# WKH# SXUSRVH# RI
DFTXLULQJ# DQ# REMHFWLYH#PHDVXUH# RI# VLWXDWLRQ# DZDUHQHVV/# LQ# WKLV# FDVH# GHILQHG# DV# DZDUHQHVV# RI
FRPPXQLFDWLRQ# DQG# DLUFUDIW# VWDWXV1# ,QFLGHQWDOO\/# DLUFUDIW#ZRXOG# IDLO# WR# DFNQRZOHGJH# WKHLU# XS
OLQNV#DQG#WKH#FRQWUROOHU#KDG#WR#GHWHFW#WKHVH#RFFXUUHQFHV1#,Q#FDVH#RI#D#UHGXFHG#RYHUDOO#WDVN#ORDG/
PRUH#RSWLRQV#DUH#SUHVHQW#WR#SHUIRUP#WKLV#SDUWLFXODU#WDVN#PRUH#WLPHO\1#7KH#UHVXOWV#DUH#GHSLFWHG#LQ
ILJXUH#451
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Fig. 12 Controller response times to status information on communications and aircraft
responses
$SSDUHQWO\/#WKH#WRROV#GR#DOORZ#WKH#FRQWUROOHU# WR#VFDQ# WKH#GLVSOD\#PRUH#HIIHFWLYHO\/#UHVXOWLQJ# LQ
EHWWHU##RYHUDOO#SHUIRUPDQFH1#6R/#RYHUDOO#WKH#REMHFWLYH#PHDVXUHV#FOHDUO\#LQGLFDWH#WKH#SRWHQWLDO#RI
WKH#WRROV#LQ#KHOSLQJ#WKH#FRQWUROOHU1#%XW#KRZ#GR#WKH#FRQWUROOHUV#UDWH#WKHP#VXEMHFWLYHO\"#7KDW#GDWD
LV#GHSLFWHG#LQ#ILJXUH#461
Subjective workload ratings
0
5
10
15
20
Manual Detection Resolution
high traffic
low traffic
Fig. 13 Controller estimates of workload effects as a function of more software tools
6XUSULVLQJO\/#WKH#FRQWUROOHUV#UDWH#WKH#HIIHFWV#RI##WKH#WRROV#TXLWH#FRQWUDU\#WR#WKH#SLFWXUH#SURYLGHG
E\# WKH#REMHFWLYH#PHDVXUHPHQWV1#3RVVLEO\/# WKH#DGGLWLRQ#RI#H[WUD#IXQFWLRQDOLW\# LV#H[SHULHQFHG#DV
PRUH#ZRUN#WR#EH#KDQGOHG1
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$#PHGLDWLQJ#IDFWRU#LQ#WKHVH#UDWLQJV#FRXOG#EH#WKH#SDUWLFXODU#VWUDWHJ\#HPSOR\HG#E\#WKH#FRQWUROOHUV
LQ# XVLQJ# WKHVH# WRROV1#&RQWUROOHUV# KDYH# YHU\# SDUWLFXODU# VWUDWHJLHV# LQ# KDQGOLQJ# WKHLU# WUDIILF# DQG
WKHVH# µFRQWUROOHU#PHWKRGV¶#FRXOG# LQIOXHQFH#DGDSWDWLRQ# WR# WKH#QHZ#FRQWUROOHU#ZRUNLQJ#SRVLWLRQ1
$Q# LOOXVWUDWLRQ# FDQ# EH# SURYLGHG# E\# DQDO\]LQJ# WKH# H\H# VFDQQLQJ# GXULQJ# KLJK# DQG# ORZ# WUDIILF
GHQVLW\#VDPSOHV1
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Fig. 14 Display lay out of the Plan View Display with Arrival scheduler at the left, aircraft hand-
off area and data link communication status panel. The area’s are used by the point of gaze
equipment to provide area related data on eye scans, duration’s, transitions etc.
Scanning the PVD: low traffic
Fig. 15 Sample (120 seconds) of Point of gaze transitions
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Scanning the PVD: high traffic
Fig. 16 Sample (120 seconds) of Point of gaze transitions
7KH# UHVXOWV# LQGLFDWH# WKDW#D# WRRO#DV# WKH# VFKHGXOHU# IRU#$UULYDOV#E\#PHDQV#RI#D# WLPH# OLQH# LV#XVHG
HVSHFLDOO\#XQGHU#WKH#ORZ#WUDIILF#FRQGLWLRQV/#EXW#WKH#PRPHQW#WUDIILF#EXLOGV#XS/#FRQWUROOHUV#VHHP#WR
GURS#WKH#WRRO#DQG#UHYHUW#WR#WKH#FODVVLF#µRQ#VFUHHQ¶#FRQWUROOLQJ#PHWKRGV1#7KH#SDUDGR[#WKDW#RFFXUV
LV# WKDW# WRROV#ZLWK# WHFKQRORJ\# GHVLJQHG# WR# HDVH# WKH# MRE# RI# WKH# FRQWUROOHU# DUH# EHLQJ# GLVFDUGHG
HVSHFLDOO\#LQ#WKH#VLWXDWLRQV#ZKHUH#WKH\#ZHUH#DQWLFLSDWHG#WR#EHQHILW#WKH#PRVW1
717 7RROV#IRU#WKH#)OLJKW#FUHZ
,Q# IO\LQJ# XQGHU# DQWLFLSDWHG# $LU# 7UDIILF# 0DQDJHPHQW# VFHQDULR¶V# DV# GHVFULEHG# E\
(852&21752/# SURJUDPV# OLNH# 3+$5(# +3URJUDP# IRU#+DUPRQL]HG#$LU# WUDIILF#PDQDJHPHQW
5HVHDUFK# LQ#(852&21752/,# VR0FDOOHG# 7'# VFHQDULR¶V# DUH# HQYLVDJHG# +IRU#PRUH# LQIRUPDWLRQ
VHH# -RUQD#)#1LMKXLV# 4<<9,1#$LUFUDIW#QHJRWLDWH#D#SUHIHUUHG# URXWH# WKDW# LV#GHILQHG# LQ# WKH#QRUPDO
WKUHH#GLPHQVLRQV/#EXW#QRZ#SUHFLVH# WLPLQJ# LV# OLQNHG#ZLWK#FHUWDLQ# ORFDWLRQV#DQG#DOWLWXGHV#RI# WKH
DLUFUDIW#LQ#WKH#DLUVSDFH1#7KH#SODQH#QRZ#KDV#WR#IO\#WKURXJK#D#YLUWXDO#7XEH#WR#PDLQWDLQ#WKH#FRQIOLFW
IUHH#URXWH#GHSLFWLQJ#ERWK#ODWHUDO#DQG#YHUWLFDO#QDYLJDWLRQ#LQIRUPDWLRQ1#:LWKLQ#WKLV#WXEH#WKH\#KDYH
WR#VWD\#LQ#D#µ7LPH#ER[¶#WKDW#PRYHV#DORQJ#WKH#WXEH#DV#UHTXLUHG#WR#PDLQWDLQ#FRQIOLFW#IUHH1
$# SRVVLEOH# LGHDO# GLVSOD\# IRU# WKH# IOLJKW# FUHZ# LV# WKH# ZHOO# NQRZQ¶# +LJK# ZD\# LQ# WKH# VN\¶
UHSUHVHQWDWLRQ/#EXW#DGDSWHG# WR#$70#SXUSRVHV#E\#GHVLJQLQJ# LW#DV#D#YLUWXDO# µ7XQQHO# LQ# WKH#VN\¶
FRQFHSW#WR#JXLGH#WKH#FUHZV#µLQ#WLPH¶#DQG#µRQ#WLPH¶1
,Q# SUHSDUDWLRQ# IRU# D# YDOLGDWLRQ# H[SHULPHQW# SLORWV# ++XLVPDQ# )#.DUZDO# 4<<8,#ZHUH# DVNHG# WR
FRPPHQW#RQ#WKH#GLVSOD\#FDQGLGDWHV#LQYROYLQJ#D#7XQQHO#GLVSOD\#DQG#D#PRGLILHG#EDVHOLQH#GLVSOD\
FRPSULVLQJ#D#QRUPDO#3ULPDU\#)OLJKW#'LVSOD\#+3)',#ZLWK#DGGLWLRQDO#LQGLFDWRUV#IRU#WLPLQJ#DVSHFWV
LQWHJUDWHG# DW# YHUWLFDO# VFDOHV# GHSLFWLQJ# YDOXHV# IRU# DOWLWXGH# DQG# VSHHG# +VR0FDOOHG# # VSHHG# DQG
DOWLWXGH#WDSHV,1#$V#D#UHVXOW#D#K\EULG#GLVSOD\#YHUVLRQ#ZDV#GHVLJQHG#FRPSULVLQJ#WKH#WXQQHO#GLVSOD\
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FRPELQHG#ZLWK#VSHHG#DQG#DOWLWXGH# WDSHV1#7KLV#YHUVLRQ#FRXOG#SRVVLEO\#HDVH# WKH# WUDQVLWLRQ# IURP
RQH#GLVSOD\#W\SH#WR#WKH#RWKHU1
7KH# H[SHULPHQW# ++XLVPDQ# )# )ORKU# 4<<:,#ZDV# SHUIRUPHG# LQ# D#PRYLQJ# EDVH# UHVHDUFK# IOLJKW
VLPXODWRU# DV#PHQWLRQHG# LQ# WKH# HDUOLHU# UHVHDUFK1#7ZHOYH# OLQH# SLORWV# SDUWLFLSDWHG# DQG# H[WHQVLYH
µ+XPDQ# )DFWRUV# PHDVXUHPHQWV¶# ZHUH# FROOHFWHG# DV# GLVFXVVHG# HDUOLHU1# 7KH# IROORZLQJ
+SUHOLPLQDU\,# UHVXOWV#ZHUH# REWDLQHG# IRU# D# IOLJKW# LQYROYLQJ# D# IDLOXUH# RI# WKH# DXWR# SLORW#ZKLFK
QHFHVVLWDWHG# WKH#SLORWV# WR#UHYHUW# WR#µKDQGV#RQ¶#PDQXDO#FRQWURO1#7KH#SHUIRUPDQFH#GDWD#REWDLQHG
UHYHDOHG#D#YHU\#FRQVLVWHQW#VXSHULRU#SHUIRUPDQFH#IRU#WKH#7XQQHO#GLVSOD\#LQ#JHQHUDO1#+RZHYHU/#WKH
IROORZLQJ#VXEMHFWLYH#UDWLQJV#ZHUH#QRWHG#DV#GHSLFWHG#LQ#ILJXUH#4:1
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Fig. 17 Pilot ratings (n=12) on a Rating scale for Mental Effort (RSME or BSMI in Dutch)
7KH# UHVXOWV# LQGLFDWH# WKDW# WKH# WXQQHO# GLVSOD\#ZDV# IDYRXUHG# DV# FRPSDUHG# ZLWK# WKH# WUDGLWLRQDO
GLVSOD\1#6XUSULVLQJO\/#WKH#K\EULG#GLVSOD\#RU#µ7XQQHO#ZLWK#WDSHV¶#ZDV#UDWHG#OHVV#IDYRXUDEO\#ZKLOH
LW#ZDV#SURSRVHG#RULJLQDOO\#E\#PHPEHUV#RI# WKH#SLORW#FRPPXQLW\1#7KH# UDWLQJ#YDOXHV# WKHPVHOYHV
FDQ#EH#GHQRWHG#DV#EHLQJ#ORZ#WR#DYHUDJH#RQ#WKH#560(#VFDOH1
,Q#RUGHU#WR#LQYHVWLJDWH#WKH#QDWXUH#RI#WKLV#DSSDUHQW#FKDQJH#LQ#RSLQLRQ/#WKH#WRWDO#JURXS#ZDV#VSOLW#LQ
WZR#VXE#JURXSV1#2QH#JURXS#FRQVLVWHG#RI#SLORWV#ZKR#FOHDUO\#H[SUHVVHG# WKHLU#SUHIHUHQFH# IRU# WKH
7XQQHO#+Q <,#DQG#D#VHFRQG#JURXS#+Q 6,#WKDW#FOHDUO\#GLG#QRW$#7KLV#ODVW#JURXS#ZDV#KRZHYHU#TXLWH
VPDOO/#LQGLFDWLQJ#WKH#SRWHQWLDO#IRU#SLORW#DFFHSWDQFH#RI#WKH#WXQQHO#GLVSOD\1
:KHQ#WKH#GDWD#ZDV#UHFDOFXODWHG#DQG#H[SORUHG/#WKH#IROORZLQJ#UHVXOWV#ZHUH#REVHUYHG#DV#GHSLFWHG
LQ#ILJXUH#4;1
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Fig. 18 Pilot ratings for crews favouring the tunnel display (n=9) on a Rating scale for Mental
Effort (RSME or BSMI in Dutch)
7KH# WXQQHO#GLVSOD\# IRU# WKH# µWXQQHO¶# µJURXS¶#ZDV# UDWHG#DV# UHTXLULQJ# OHVV#HIIRUW1#7KH# WUDGLWLRQDO
GLVSOD\#ZDV#UDWHG#ZRUVW/#EXW#WKH#DGGLWLRQ#RI#µWDSHV¶#WR#WKH#WXQQHO#DSSDUHQWO\#LQLWLDWHG#D#FRVW#LQ#LWV
HIIHFWLYHQHVV#ZLWK#UHVSHFW#WR#HVWLPDWHG#PHQWDO#HIIRUW1#7KLV#UHVXOW#VHHPV#TXLWH#LQ#DFFRUGDQFH#ZLWK
WKH#GDWD#IURP#:LFNHQV#+WKLV#YROXPH,#LQYHVWLJDWLQJ#WKH#HIIHFWV#RI#FRQIRUPDO#DQG#QRQ0FRQIRUPDO
V\PERORJLHV#RQ#+HDG#XS#W\SH#RI#GLVSOD\V1
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)LJ1#4<##Pilot ratings for crews favouring the traditional display (n=3) on a Rating scale for Mental
Effort (RSME or BSMI in Dutch)
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7KH#SLORWV#ZKR#SUHIHUUHG#WKH#WUDGLWLRQDO#GLVSOD\/#GLG#WKLV#TXLWH#VWURQJO\#DV#WKH#UHVXOWV#GHSLFWHG#LQ
ILJXUH# 4<# LOOXVWUDWH1#7KH# WUDGLWLRQDO# GLVSOD\#ZDV# YHU\# HDV\# IRU# WKHP#ZKLOH# WKH# WXQQHO# GLVSOD\
VFRUHG#IDLUO\#KLJK#RQ#FRVWV#RI#PHQWDO#HIIRUW1
7R# H[SORUH# WKH# XQGHUO\LQJ# UHDVRQV# IRU# WKH# TXLWH# GLIIHUHQW# UDWLQJV# REWDLQHG# IURP# +VRPH,
LQGLYLGXDOV/#RWKHU#GHWDLOHG#TXHVWLRQQDLUHV#ZHUH#H[SORUHG1#7KH#UHVXOWV#DUH#GHSLFWHG#LQ#ILJXUH#531
$XWR#SLORW#IDLOXUH#+3)'#JURXS,
1
2
3
4
5
6
P roc. Unders t. R ecogn. s ucces s s atis f.
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Fig. 20 Pilot ratings for crews favouring the traditional display  (n=3) on a rating scales for
Mental Processing- Understanding- Recognition- Success in task and Satisfaction with their
performance
1RWH# WKDW# IRU# WKLV# JURXS# VRPH# H[WUHPH# VFRUHV#ZHUH# REWDLQHG1# 7KH#PHQWDO# SURFHVVLQJ# RI# WKH
WUDGLWLRQDO#GLVSOD\#ZDV#UDWHG#H[WUHPH#ORZ/#LQGLFDWLQJ#KLJK#IDPLOLDULW\#DV#FRQILUPHG#E\#WKH#VFRUHV
RQ# µ8QGHUVWDQGLQJ¶# DQG# µ5HFRJQLWLRQ¶1#$OVR# VXFFHVV#ZDV# UDWHG# KLJKHU# DOWKRXJK# VDWLVIDFWLRQ
DFKLHYHG#ZDV#H[SUHVVHG#ILUPO\#EXW#OHVV#H[SOLFLW#DV#FRPSDUHG#WR#WKH#RWKHU#DVSHFWV#UDWHG1
,I# WKH# UHVXOWV# IRU# WKH# WXQQHO# JURXS# DUH# FRQWUDVWHG# ZLWK# WKH# 3)'# JURXS/# D# PRUH# EDODQFHG
GLVWULEXWLRQ#LQ#UDWLQJV#LV#REVHUYHG#DV#GHSLFWHG#LQ#ILJXUH#541
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P roc. Unders t. R ecogn. s ucces s s atis f.
T unnel bubble T unnel tape S tandard P F D
Fig. 21 Pilot ratings Pilot ratings for crews favouring the traditional display  (n=9) on rating
scales for Mental Processing- Understanding- Recognition- Success in task and Satisfaction
with their performance
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81 /HVVRQV#WR#EH#OHDUQHG
814 8QH[SHFWHG#XVHU#EHKDYLRXUV
,I#H[SHULPHQWV#DOORZ# WKH#XVH#RI# ILQH0JUDLQHG#REMHFWLYH#PHDVXUHPHQWV#DW#ERWK# WKH#SHUIRUPDQFH
DQG#ZRUNORDG# OHYHO/#XQH[SHFWHG#XVHU#EHKDYLRXUV#FDQ#EH# LGHQWLILHG#DQG#H[SORUHG# WR#XQGHUVWDQG
DQG#OHDUQ#WKHLU#FRJQLWLYH#RULJLQ#DQG#QDWXUH1#7KH#FRFNSLW#GDWD#OLQN#VWXG\#UHYHDOHG#XQZDQWHG#KHDG
GRZQ# EHKDYLRXU# IRU# WKH#3LORW#)O\LQJ# DQG# WKH# WDVN# FRPSOHWLRQ#ZLWKRXW# DOORZLQJ# LQWHUUXSWLRQV
VHHPHG#WR#EH#SXUVXHG#HVSHFLDOO\#IRU#WKH#OHVVHU#RSWLPDO#GLVSOD\1#6XSSRUWLQJ#WKH#XVHU#E\#SURYLGLQJ
PRUH#DFFHVV#DQG#IHHGEDFN#ZLOO#DOORZ#D#GLIIHUHQW#NLQG#RI#XVHU#LQWHUDFWLRQ#DV#NQRZQ#EHIRUHKDQG1
8QGHUVWDQGLQJ#ZK\#WKLV#RFFXUV#LV#RI#FUXFLDO#LPSRUWDQFH#IRU#LPSURYHG#GHVLJQV1
7KH#DLU#WUDIILF#FRQWUROOHUV#ZHUH#IRXQG#WR#GURS# WKH#XVH#RI#QHZ# WRROV#HVSHFLDOO\#ZKHQ# WKH# WUDIILF
ORDG# ZDV# KLJK1# $SSDUHQWO\/# WKH# WRRO# GLG# QRW# KHOS# WKHP# RU# WKH# WUDLQLQJ# ZDV# LQVXIILFLHQW# WR
RYHUFRPH# WKH# ROG# KDELWV¶1#0RUH# YDOLGDWLRQ# VWXGLHV# DUH# FOHDUO\# UHTXLUHG# EHIRUH# ILHOGLQJ# VXFK
HTXLSPHQW/#HYHQ#ZKHQ#KLJK#LQYHVWPHQWV#LQ#GHYHORSLQJ#LWV#WHFKQRORJLHV#KDYH#EHHQ#PDGH1
6LPLODUO\/#WKH#SLORWV#WKDW#GLG#QRW#IDYRXU#WKH#WXQQHO#GLVSOD\#DV#WKH#PDMRULW\#RI#WKHLU#FROOHDJXH¶V1
FRXOG#DOVR#EH#LQIOXHQFHG#E\#WKHVH#µROG#KDELWV¶1#3UHIHUHQFH#LV#DOZD\V#SHUVRQDO/#EXW#LWV#GLPHQVLRQV
KDYH#WR#EH#XQGHUVWRRG#LQWHQVHO\#LQ#RUGHU#WR#IDFLOLWDWH#WUDQVLWLRQV#WR#QHZ#WHFKQRORJ\#DQG#RSWLPL]H
WUDLQLQJ1#$Q# LQGLYLGXDOLVHG# DSSURDFK# VHHPV# WR# EH# LQGLFDWHG# E\# WKH# GDWD# REWDLQHG/# LPSRVLQJ
VSHFLILF#UHTXLUHPHQWV#WR#WUDLQLQJ#GHVLJQ#DQG#WRROV#UHTXLUHG1
815 2EMHFWLYH#YHUVXV#VXEMHFWLYH#PHDVXUHPHQWV
,Q# VHYHUDO# RI# RXU# VWXGLHV/# REMHFWLYH# PHDVXUHPHQWV# EDVHG# RQ# SK\VLRORJLFDO# DQG# RWKHU# GDWD
VXJJHVWHG# D# UHGXFWLRQ# LQ# ZRUNORDG# LQ# PRVW# LI# QRW# DOO# RI# WKH# PHDVXUHV# WDNHQ1# 6XEMHFWLYH
DSSUHFLDWLRQ¶V#KRZHYHU/#SRLQWHG#LQ#WKH#RWKHU#GLUHFWLRQ#DQG#VRPHWLPHV#TXLWH#H[SOLFLWO\1#7KH#$7&
GDWDOLQN#VWXGLHV#DQG# WKH#$XWRPDWLRQ#DVVLVWDQFH# VWXGLHV# UHYHDOHG# WKLV#SDWWHUQ#RI# µGLVVRFLDWLRQ¶1
7KH#PDMRU#LPSOLFDWLRQ#VHHPV#WR#EH#WKDW#WKH#LQFOXVLRQ#RI#REMHFWLYH#PHDVXUHPHQWV#LV#HVVHQWLDO#WR
JDLQ#D#IXOO#XQGHUVWDQGLQJ#RI# WKH#SURFHVVHV# LQYROYHG# LQ#ZRUNLQJ#ZLWK#QHZ# LQWHUIDFHV/# LQFOXGLQJ
DGDSWDWLRQV# DQG# WUDQVLWLRQLQJ# SUREOHPV# WR# EH# H[SHFWHG1# )XUWKHUPRUH# LW# LV# VRPHWLPHV# KDUG# WR
HVWLPDWH#ZRUNORDG# IRU#FRPSOH[# V\VWHPV#DQG# LWV#FRPSRQHQWV1#3HUKDSV# WKDW# LV# WKH# UHDVRQ# IRU# D
SRVVLEOH#ELDV#LQ#WKH#GLUHFWLRQ#RI#µ0RUH#WRROV#RU#HTXLSPHQW#PXVW#PHDQ#PRUH#ZRUN¶$
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91 0LVFRQFHSWLRQV#DQG#)DOODFLHV
)URP# WKHVH/#DQG#PDQ\#RWKHU/#VWXGLHV# LW#EHFDPH#DSSDUHQW# WKDW#FHUWDLQ#DVVXPSWLRQV#DQG#SHUKDSV
FRPPRQ#VHQVH#EHOLHYHV#DUH#LQ#IDFW#QRW#WUXH#DQG#QHHG#WR#EH#UHFRQVLGHUHG#FDUHIXOO\1
• $XWRPDWLRQ#ZLOO# DOZD\V# EH# EHQHILFLDO=# WKH# GDWD# REWDLQHG# LQ# H[SHULPHQWV# HPSOR\LQJ# ILQH
JUDLQHG#SHUIRUPDQFH#DQG#ZRUNORDG#PHDVXUHPHQWV#LQGLFDWH#WKDW#PDQ\#µWRROV¶#ZLOO#QRW#EH#XVHG
DV#SUHGLFWHG#RU#HYHQ#DW#DOO/#HVSHFLDOO\#XQGHU#KLJK#WDVN#ORDGLQJ#FRQGLWLRQV1
• 7UDLQLQJ#ZLOO# FRPSHQVDWH# IRU# SRRU# GHVLJQ=# WKLV# LV# DQ# µROGLH¶# EXW# VWLOO# UHOHYDQW1#:LWKRXW
DGHTXDWH#WHVWLQJ#DQG#KXPDQ#YDOLGDWLRQ#VWXGLHV/#GHVLJQV#ZLOO#EH#PDLQWDLQHG#WKDW#ZLOO#SURYLGH
GLIILFXOWLHV#GXULQJ#WUDQVLWLRQLQJ#IRUP#ROG#WR#QHZ#WHFKQRORJLHV1#(YHQ#FHUWDLQ#JURXSV#RI#XVHUV
FRXOG#IHHO/#RU#DFWXDOO\#EH/#H[FOXGHG#IURP#WKH#IXWXUH#ZRUN#IRUFH1#7KLV#DVSHFW#LV#GHWULPHQWDO#IRU
WKH#LQGLYLGXDOV#EXW#DOVR#IRU#D#V\VWHP#WKDW#KDV#WR#FRSH#ZLWK#GHFUHDVLQJ#QXPEHUV#RI#SRWHQWLDO
FDQGLGDWHV#IRU#RSHUDWRUV1
• )XQFWLRQ#DOORFDWLRQ#FDQ#EH#EHVW#EDVHG#RQ#PDFKLQH#FDSDELOLWLHV=##WKLV#KDV#EHHQ#D#WUHQG#IRU#D
ORQJ#WLPH#EHFDXVH#RI#REYLRXV#UHDVRQV1#,W#ZRUNV#RXW#EHWWHU#LI#GHVLJQV#DSSUHFLDWH#WKH#FRJQLWLYH
VWUDWHJLHV#WKDW#SHRSOH#HPSOR\#JHQHUDOO\1
• 8VHUV#DUH#WKH#EHVW#GHVLJQHUV=#WKLV#LV#PRVW#RIWHQ#QRW#WUXH#DV#XVHUV#ZLOO#EH#XVHG#WR#SDUWLFXODU
HTXLSPHQW#DQG#SURFHGXUHV#DQG#JDLQ#SULGH# LQ#KDYLQJ#PDVWHUHG# WKHP1#7KH# WUDQVLWLRQ# WR#QHZ
WHFKQRORJ\#ZLOO#RIWHQ#UHTXLUH#SHUVXDVLRQ#DQG#UH0WUDLQLQJ#ZLOO#SURYH# LQHIIHFWLYH#VRPH#RI# WKH
WLPH1
• +XPDQ#PRGHOOLQJ#LV#YDOLG#IRU#IXWXUH#EHKDYLRXU=#WKHVH#PRGHOV#DUH#HVSHFLDOO\#DSSUHFLDWHG#E\
GHVLJQHUV#ZKR#GR#QRW#ZDQW/#RU#FDQ#QRW#DIIRUG/# WKH#DVVXPHG#EXUGHQ#RI# WDNLQJ#FRPSOH[#DQG
H[WHQVLYH# PHDVXUHPHQWV1# +RZHYHU/# VLQFH# WKHVH# PRGHOV# DUH# EDVHG# RQ# NQRZQ# EHKDYLRXU
SDWWHUQV# WKH\#ZLOO# QRW# LQFOXGH# RU# FRYHU# XQH[SHFWHG# EHKDYLRXUV# DQG#ZLOO# QRW# EH# YDOLG# IRU
µFHUWLI\LQJ¶#QHZ#V\VWHPV1
• (UJRQRPLFV# DUH# FKHFNHG# DIWHU# WKH# GHVLJQ=# LQ#PDQ\# FDVHV# EDVLF# WHFKQRORJLHV# KDYH# EHHQ
GHYHORSHG# DQG# WKH# EHKDYLRXUDO# VFLHQWLVW# LV# WDVNHG# WR# LQFRUSRUDWH# HUJRQRPLFV1# 7KH# WDVN
VWUXFWXUH#DQG#ZRUNLQJ#SKLORVRSKLHV#RU#VXE#WDVN#VHTXHQFHV#ZLOO#QRW#ILW#DQ\ZD\/#OHDYLQJ#D#VXE
RSWLPDO#GHVLJQ#IRU#WKH#XVHU#WR#PDVWHU1
• 'HVLJQ#LV#GHOD\HG#E\#+XPDQ#IDFWRUV#DQG#LQFUHDVHV#FRVWV=#LI#SODQQHG#IRUP#WKH#VWDUW/#+XPDQ
)DFWRUV# FDQ# KHOS# DQG# HYHQ# WDNH# WKH# OHDG# LQ# GHILQLQJ# WKH# GHVLJQ# VWUDWHJLHV# IRU# WHFKQRORJ\
GHYHORSPHQW1#,Q#DOO#H[SHULHQFHV#NQRZQ# WR#PH#ZKHUH#HQJLQHHUV#DQG#SK\VLFLVWV#ZHUH# WHDPHG
ZLWK# EHKDYLRXUDO# VFLHQWLVWV/# FOHDUO\# VRPH# DGDSWDWLRQ# SUREOHPV# RFFXUUHG# ZLWK# UHVSHFW# WR
ODQJXDJH#DQG#VWUDWHJLHV#SXUVXHG/#EXW#HYHQWXDOO\#HYHU\ERG\#IHOW#PRUH#VHFXUH#DERXW#WKH#TXDOLW\
RI# WKH# SURGXFWV# GHOLYHUHG1# 2YHUDOO# FRVWV# RI# WKH# WRWDO# SURGXFW# GHYHORSPHQW# F\FOH# DQG# LWV
LQWURGXFWLRQ#ZLOO#EH#ORZHUHG#LQVWHDG#RI#LQFUHDVHG#FRQVLGHULQJ#WKH#HDUO\#SUHYHQWLRQ#RI#µDIWHU
ILHOGLQJ¶#SUREOHPV# OLNH#PRGLILFDWLRQV#RU#PLG0OLIH#XSGDWHV/# #H[FHVVLYH# WUDLQLQJ# UHTXLUHPHQWV
RU#HYHQ#XVHU#UHVLVWDQFH1
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• +XPDQ#)DFWRUV#LV#D#ZRUN#DUHD/#QRW#D#EHKDYLRXUDO#VFLHQFH=#ZLWK#WKH#LQFUHDVHG#UHFRJQLWLRQ
RI#WKH#LPSRUWDQFH#RI#µ+XPDQ#)DFWRUV¶#IRU#RYHUDOO#SHUIRUPDQFH/#DFFHSWDQFH#DQG#HQGXUDQFH#RI
D#V\VWHP#DV#D#ZKROH/#DQ#DSSDUHQW#PDUNHW#ZDV#RSHQHG#ZLWK#PDQ\#FRQWHQGHUV1#,W# LV#RIWHQ#QRW
UHDOLVHG# WKDW#ZRUNLQJ#ZLWK#D#GLVSOD\#DQG#FRPSXWHUV# LV#QRW# VXIILFLHQW# WR#TXDOLI\#DV# µ+XPDQ
)DFWRUV¶# UHVHDUFK1#'XH# WR# WKH# LQKHUHQW# LQGLYLGXDO# GLIIHUHQFHV# EHWZHHQ# KXPDQV/# DGHTXDWH
VFLHQWLILF# VWDQGDUGV# DUH# VLPSO\# HVVHQWLDO# WR# JDLQ# LQWHUSUHWDEOH# UHVXOWV1# $OVR# WKH# XVH# RI
TXHVWLRQQDLUHV# LV# QRW# VXIILFLHQW# DQG# ZKHQ# QRW# FRPSOHPHQWHG# E\# KLJK# TXDOLW\# REMHFWLYH
PHDVXUHPHQWV/#VXFK#D#VWUDWHJ\#VKRXOG#EH#TXDOLILHG#DV#DQ#µHDV\#ZD\#RXW¶1
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:1 5HIHUHQFHV
41 )RONHUWV/#+1#+1# DQG# -RUQD/# 31*1$101# +4<<7,1# 3LORW# SHUIRUPDQFH# LQ# DXWRPDWHG# FRFNSLWV=# D
FRPSDULVRQ#EHWZHHQ#PRYLQJ#DQG#IL[HG#WKURWWOH#OHYHUV1#1/5#73#<7338#/1
51 *HQW/# YDQ# 5111+1:1/# %RKQHQ/# +1*1%1# DQG# -RUQD/# 31*1$101# +4<<7,1# )OLJKW# VLPXODWRU
HYDOXDWLRQ#RI#EDVHOLQH#FUHZ#SHUIRUPDQFH#ZLWK#WKUHH#GDWD#OLQN#LQWHUIDFHV1#1/5#&5#<7637#/1
61 *HQW/# YDQ# 5111+1:1/# +4<<9,# +XPDQ# )DFWRUV# LVVXHV# ZLWK# $LUERUQH# 'DWD# OLQN=# WRZDUGV
LQFUHDVHG#FUHZ#DFFHSWDQFH#IRU#ERWK#HQ0URXWH#DQG# WHUPLQDO#IOLJKW#RSHUDWLRQV1#1/5# WHFKQLFDO
SXEOLFDWLRQ/#73#<89991
71 +LOEXUQ/# %1/# -RUQD/# 31*1$101# )# 3DUDVXUDPDQ/# 5# +4<<8,1# 7KH# HIIHFW# RI# DGYDQFHG# $7&
VWUDWHJLF#GHFLVLRQ#DLGLQJ#DXWRPDWLRQ#RQ#PHQWDO#ZRUNORDG#DQG#PRQLWRULQJ#SHUIRUPDQFH=# DQ
HPSLULFDO# LQYHVWLJDWLRQ# LQ# VLPXODWHG# 'XWFK# DLUVSDFH1# ,Q# 3URFHHGLQJV# RI# WKH# (LJKWK
,QWHUQDWLRQDO#6\PSRVLXP#RQ#$YLDWLRQ#3V\FKRORJ\/#$SULO#4<<8/#&ROXPEXV/#2KLR=#2KLR#6WDWH
8QLYHUVLW\1
81 +LOEXUQ# %1DQG# -RUQD# 31*1$101/# # %\UQH# (1$1# )# 3DUDVXUDPDQ# 51# +4<<9,1# 7KH# (IIHFW# RI
$GDSWLYH# $LU# 7UDIILF# &RQWURO# +$7&,# 'HFLVLRQ# $LGLQJ# RQ# &RQWUROOHU# 0HQWDO#:RUNORDG1
6HFRQG#$XWRPDWLRQ#7HFKQRORJ\#DQG#+XPDQ#3HUIRUPDQFH#&RQIHUHQFH#SURFHHGLQJV/#0DUFK#:
0#</#4<<9/##)ORULGD/#86$1
91 +LOEXUQ/# %1# +4<<9,1# 7KH# ,PSDFW# RI# $7&# 'HFLVLRQ# $LGLQJ# $XWRPDWLRQ# RQ# &RQWUROOHU
:RUNORDG#DQG#+XPDQ00DFKLQH#6\VWHP#3HUIRUPDQFH1#7KHVLV#IRU#3K¶G/#DYDLODEOH#DV#1/5#73
<9<<<1
:1 +RRLMHU/# -161/# +4<<9,1# (YDOXDWLRQ# RI# D# ODEHO# RULHQWHG# +0,# IRU# WDFWLFDO# GDWDOLQN
FRPPXQLFDWLRQ#LQ#$7&1#1/5#7HFKQLFDO#3XEOLFDWLRQ1#73#<99:9#/1
;1 +XLVPDQ#+1#DQG#.DUZDO#$1# +4<<8,/# *'HVLJQ#DQG# LQLWLDO#HYDOXDWLRQ#RI# WZR# 7'#3)'# IRUPDW
SURWRW\SHV*1#1/5#&5#<855<#/1
<1 +XLVPDQ/#+1#DQG#)ORKU/#(1#+4<<:,#7KH#GHVLJQ#DQG#YDOLGDWLRQ#RI#D#7XQQHO#LQ#WKH#VN\#GLVSOD\
IRU# DLUFUDIW# RSHUDWLQJ# LQ# DGYDQFHG# $LU# 7UDIILF# &RQWURO# HQYLURQPHQWV1# 1/5# 7HFKQLFDO
SXEOLFDWLRQ#73#<:[[[/#LQ#SUHVV1
431 -RUQD/#31*1$101#+4<<5,1#6SHFWUDO#DQDO\VLV#RI#KHDUW#UDWH#DQG#SV\FKRORJLFDO#VWDWH=#$#UHYLHZ#RI
LWV#YDOLGLW\#DV#D#ZRUNORDG#LQGH[1#%LRORJLFDO#SV\FKRORJ\/#67/#56:058:1
441 -RUQD#31*1$101#+4<<7,1#,PSDFW#RI#$70#RQ#IXWXUH#IOLJKW#GHFN#GHVLJQ1#,Q=#SURFHHGLQJV#RI#WKH
(XURSHDQ#DVVRFLDWLRQ#RI#$YLDWLRQ#3V\FKRORJ\#+($$3,#V\PSRVLXP#'XEOLQ/#,UHODQG1
451 -RUQD#31*1$101#DQG#1LMKXLV/#+1%1# +4<<9,#*URXQG#+XPDQ#0DFKLQH# ,QWHUIDFHV# +*+0,,# IRU
$7&#DXWRPDWLRQ#WHFKQRORJ\=#D#(XURSHDQ#VWUDWHJ\#WRZDUGV#FRKHUHQW#GHYHORSPHQW#DQG#KXPDQ
IDFWRUV#YDOLGDWLRQ1#6HFRQG#FRQIHUHQFH#RQ#$XWRPDWLRQ#DQG#+XPDQ#3HUIRUPDQFH/#)ORULGD1
0630
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461 -RUQD# 31*1$101# +4<<:,1#&RQWH[W# VLPXODWLRQ=# DQ# LQWHUDFWLYH#PHWKRGRORJ\# IRU# XVHU# FHQWUHG
V\VWHP# GHVLJQ# DQG# IXWXUH# RSHUDWRU# EHKDYLRXU# YDOLGDWLRQ1# ,Q=#&RJQLWLYH#(QJLQHHULQJ# LQ# WKH
$YLDWLRQ#'RPDLQ1#6DUWHU#)#$PDOEHUWL#+HGV1,#/DZUHQFH#(UOEDXP#$VVRFLDWHV1
 1/5#73#<:365#/
471 3+$5(#*+0,# +4<<8,1#6SHFLILFDWLRQ# RI# WKH# DGYDQFHG# V\VWHPV#*+0,# ,QWHUIDFH# IRU#3'241
(852&21752//#%UXVVHOV/#%HOJLXP1
